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[57] ABSTRACT

This invention pertains to a novel group of 1,2-dithiin
compounds useful as antiinfective agents, and a novel syn-
thetic process to produce the same. The compounds are
particularly effective in treating fungal infections, especially
those caused by Candida albicans, Cryptococcus neofor-
mans or Aspergillus fumigatus.
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1
1,2-DITHIIN ANTIINFECTIVE AGENTS

1. IELD OF THE INVENTION

This invention pertains to a novel group of 1,2-dithiin
heterocyclic substances that are useful as antifungal, anti-
infective and cytotoxic agents. The invention further details
a synthetic method for obtaining the substituted 1,2-dithiin
ring system that has wide applicability in synthesis of
derivatives.

2. BACKGROUND OF THE INVENTION

1,2-Dithiins are six-membered ring heterocyclic com-
pounds having two contiguous CH groups of benzene
replaced by two sulfur atoms. 1,2 Dithiin molecules have
been the subject of intense investigations by theoretical
chemists and spectroscopists due to their anti-aromatic non-
planar ring system. Aihara, J. Bull. Chem. Soc. Jpn. 1990,
63, 2899-2903; Cirmiraglia, R. et al., J Mol Str
(Theochem) 1991, 230, 287-293. Eight 1,2-dithiin-contain-
ing acetylenic compounds called thiarubrines have now been
1solated from natural sources, primarily from the Asteraceae
plants. Constabel, C. P.; Towers, G. H. N. Planta Medica
1989, 55, 35-37; Balza, E, et al., Phytochemistry 1990, 29,
2901; Towers G. H. N. et al., 1993, U.S. Pat. No. 5,202,348:
Ellis, 8., et al., Phytochemistry 1993, 33, 224-226. Among
others of these eight, thiarubrine A (1) and thiarubrine B (2),
1solated from the young leaves of Aspilia mossambicesis and
A. plurisetta, have been shown to exhibit a wide spectrum of
biological activity including antiviral and antibiotic activi-
ties. Balza, FE et al., Phytochemistry 1989, 28, 3523: Free-
man, F. et al., Sulfur Rep. 1989, 9, 207-247; Freeman, F.
Heterocycles 1990, 701-750; Schroth, W. et al., Angew.
Chem., Int. Ed. Engl. 1967 6,698-699; Schroth, W. et al.,
Chem. 1965 5, 352-<353 and 353-354.

CH;—C=C —/_\— (C=C),—CH=CH

S-S
thiarnbrine A (1)

CH3—(CEC)zﬂ C=C—CH=CH;,

S—3S
thiarubrine B (2)

It 1s well known that acetylenic compounds themselves,
whether derived from nature Bohlman, E, et al., “Naturally
Occurring Acetylenes” 1973, Academic Press, London, or
from synthesis, Merz. et al., 1972, Ger. Offen. No. 2,118,437,
have antiinfective as well as cytotoxic properties. All the
natural 1,2-dithiins (thiarubrines) have polyacetylene side
chains at either C-3-or C-3 and C-6. No total synthesis of
any of the eight natural 1,2-dithiins containing acetylenes
(thiarubrines) has been achieved, nor has any biological data
of 1,2-dithiins without acetylenes been reported. The pres-
ence of acetylenic bonds in the thiarubrines makes their total
syntheses difficult to achieve. Additionally, the role of the
acetylenic bonds in their noted antifungal activity remains
unclear. The inherent cytotoxicity as well the thermal and
light instability of the thiarubrines severely limits their
potential therapeutic utility as human medicinals. In order to
overcome this shortcoming, a series of novel 1,2-dithiins
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2

were synthesized without acetylenic sidechains, and biologi-
cally evaluated for potential utility as antiinfective agents.

The first synthesis of 1,2-dithiin and its 3,6-disubstituted
analogues was reported by Schroth and coworkers in Ger-
many in 1960’s. Schroth, W. et al., Angew. Chem., Int. Ed.
Engl. 1967 6,698—-699; Schroth, W. et al., Chem. 1965 5,
352-353 and 353-354. This method was most useful. for the
synthesis of diary dithiins (Scheme I). Thus, treatment of
1,4-diphenyl-1,3-butadiyne (3) with 2 equivalents of ben-
zylthiol 1n refluxing ethanol in the presence of KOH pro-
vided the bis-benzylthiol adduct (4) in 85% yield with
virtually complete stereo- and regioselectivity. Reductive
removal of two benzyl groups by the treatment of 4 with Na
in liquid ammonia at ~78° C., followed by oxidative dithiin
ring formation with K;[Fe(CN )61 Provided the deeply red-
colored 3,6-diphenyl-1,2-dithiin (5) in about 51% overall
yield.

Scheme I___

HSCH,Ph
Ph —~ S0V

KOH (2 equiv)

3 EtOH/reflux, 6 h

Ph —ﬂ Ph — R TFe(CN) —> Ph —/—\— Ph

PhCH,S  SCH,Ph S~ 8
4 | 5

Ph

>

1. Na/liq NH;
—78° C

This method involving the reductive-removal of the ben-
zyl group with sodium in liquid ammonia followed by
oxidative ring closure with K3[Fe(CN) 6] is, however, less
effective for the synthesis of 1,2-dithiins with non-aromatic
substituents at 3- and 6-positions.

3. SUMMARY OF THE INVENTION

The invention is directed to novel dithiin compounds
having anttinfective activity of the formula

N
s

S — 8§

Rs R;
vl N\,
S — 38§

where

R, and R, are independently hydrogen, a halogen, an
alkyl or alkenyl; and
R; and R, are independently hydrogen, an alkyl or
alkenyl;
wherein

the alkyl or alkenyl optionally contains cyclic groups, and
1s unsubstituted or substituted with at least one func-
tional moiety selected from the group consisting of
hydroxyl, halo, oxy, ether, carbonyl, carboxyl, mer-
capto, carbalkoxy, cyano, nitro, acyloxy, sulfamyl,
amino, acylamino, carbamyl, aryl and aralkyl; the alkyl
or alkenyl 1s preferably in the C1 to C20 size range.
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the aryl and aralkyl groups are independently unsustitued
or substituted with at least one functional moiety
selected from the group consisting of hydroxyl, halo,
ether, cyano, nitro, carboxy, carbalkoxy and amino; and

R, and R,, R, and R, or R, and R, are optionally linked

together, and pharmaceutical acceptable salts thereof.

The substituted dithiin compound may have a structure
wherein R, and R,, R, and R, or R, and R, are linked
through a moiety selected from the group consisting of
carbonyl, carbamate, sulfate, sulfone, sulfonate, sulfona-
mide, phosphate, phosphonate, phosphonamide, ester, urea,
thiourea and amides.

The following table summarizes some of the novel 1,2-
Dithiins that have been synthesized and studied for their
biological activity. We have labeled the compounds by
alphabet for ease of discussion.

R, R,
/ \_..

S— S

R4

TABLE OF NOVEL 1,2-DITHIINS

1,2 Dithiin R; R, R, R,

A H H CH,OH CH,OH

B H H CH,0COCH, CH,O0COCH,

C H H CH, CH,OH

D H H CH,O0CH,0CH, CH,0OCH,0CH,

E H H CHO CHO

F H H CH,OCOPh CH,OCOPh

G H H CH,0COCH,CH, CH,0COCH,CH,

H H H CH,0CO-i-Pr CH,O0CO-i-Pr

| H H CH,0CO-cyclopropyl CH,0CO-cyclo-
propyl

J H H CH,0CO-cyclopropyl CH,OH

m

The invention is further directed to a novel method of
synthesizing dithiin compounds described above wherein

a 1,4-disubstituted diyne is reacted with benzylthiol in a
basic solution to form a bis-benzylthiol adduct;

the bis-benzylthiol adduct is then separated from the basic
solution by solvent extraction and crystallization dis-
tillatton or chromatography;

the separated adduct is then reacted with an alkali metal
in liquid ammonia to reductively remove the benzyl
groups from the adduct to form the bisthiol;

the bisthiol is then oxidized by an oxidant to form the
dithiin compound,

with the proviso that the 1,4 disubstituted diyne is not 1,4

diaryl diyne.

The method is preferably carried out by using a basic
solution comprising potassium hydroxide and ethanol: the
metal sodium as the alkali metal; and

K,;[Fe(CN)g;, as the oxidant.

The method is preferably carried out by using a basic
solution comprising potassium hydroxide and DMF: lithium
as the alkali metal; and the oxidant comprising KI and L.

The invention is further directed to a novel method of
treating an infection comprising administering to a warm
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4

blooded animal having such an infection with a therapeuti-
cally effective amount of a dithiin compound having a
structure as described above.

The dithiin compound is particularly effective against
fungal infection especially where the fungal infection is
caused by Candida albicans, Cryptococcus neoformans or
Aspergillus fumigatus.

The therapeutic effectiveness of the dithiin compound can
be determined by a microdilution broth assay described
below such that the MIC is less than 50 ug/ml is considered
cifective.

The dithiin compound may be administered topically,
intravenously, orally, or intraperitoneally or by aerosol.

4. APPLICATIONS OF 1,2-DITHIINS

The novel 1,2-dithiins of the invention display strong
antifungal activity, and are particularly effective in killing
strains of Candida, Aspergillus and Cryptococcus.

The 1,2-dithiin compounds are advantageously used for
treatment of various infections, in particular those caused by
the type of organisms listed above. For example, the novel
1,2-dithiin designated 3,6-bis(hydroxymethyl)-1,2-dithiin
has potent broad spectrum antifungal activity, which indi-
cates a usefulness for in vivo medicinal therapy, i.e. in
human patients. We have demonstrated in a series of bio-
logical tests which are shown below that the 1,2-dithiins
containing no acetylene sidechains are potent inhibitors of
Candida albicans, Cryptococcus neoformans and Aspersgil-
lus fumigatus at very low levels, without the co-occurring
toxicity observed in the acetylene-containing thiarubrines.

5. METHODS

5.1 IN VITRO SUSCEPTIBILITY TESTS

In vitro susceptibility tests were performed to determine
minimum inhibitory concentrations (MIC) and minimum
fungicidal concentrations (MFC) of the following com-
pounds: thiarubrine A, and the series of novel non-acetylenic
1,2-dithiin compounds described below. MIC tests were
performed by a microdilution broth assay. The fungi tested
were Candida albicans ATCC 10259 and strain B311,
Cryptococcus neoformans ATCC 36556, Aspergillus fumi-
gatus ATCC 13073, and Trichophyton rubrum ATCC 18762.
The yeasts were propagated on yeast morphology agar,
while the filamentous fungi were grown on Sabouraud’s
agar. All tests were performed in Sabouraud’s broth in
96-well microliter plates, with compounds diluted serially,
then inoculated with 2x10* cfu/ml for C. albicans, 4 x10*
cfu/ml for C. neoformans, 1x10° cfu/ml for A. fumigatus,
and 1x10° cfwml for T. rubrum (all expressed as final
concentrations). Plates were incubated at 30° C. for 48 h for
all fungi except T. rubrum, which was incubated for 5 days.
MIC’s were read as the lowest concentration completely
inhibiting growth. After MIC endpoints were determined, 50
ul portions were removed and plated on yeast morphology
agar to detect viable organisms, and were incubated at 30°
C. for 48 h. The MFC was determined to be the well with the
lowest concentration resulting in no growth.
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TABLE la

Results from Susceptibility Tests

_ MIC (ug/ml)
C. C. C. C.
albicans  albicans C. A, T. albicans  albicans
Samples 10259 B31il neoformans fumigatus rubrum 10259 B311
Thia A 15 NT 61 A5 NT .30 NT
Dathiin 16 31 2 16 16 63 NT
A |
Dithiin 3.1 NT .80 40 NT 6.3 NT
B
Dithiin 12.5 NT NT NT NT NT NT
C
Dithiin 31 125 & 63 8 >250 125
D
Dithiin 8 3 4 8 4 8 8
E
NT - Not Tested
5.4 BIOLOGICAL ACTIVITY OF THE
IABLE 1b 1,2-DITHIINS
_esuls from Susceptibility Tests -  Results for the MIC and MFC determinations are pre-
3 MIC wg/ml) sented 1n Tables la and 1b. As can be seen, the results
c c indicate that the previously unknown 1,2-dithiin compounds
albicans  albicans C. A. T have good in vitro activity, with results for the more active
Samples 10259 B3ll  neoformans  fumigatus  rubrum members of the series similar to those obtained with thiaru-
Thia A 20 NT 78 10 NT 30 brine A. Importantly, the MFC’s for all of the tested com-
Dithiin A 23 NT 1.6 6.3 NT pounds were, in general, within one dilution of the MIC,
Dithiin B 3.1 NT .80 20 NT NPT . . : :
Dithiin G 125 NT 6.3 3.1 NT indicating a fungicidal mechanism of action. The results
Dithiin H ~ >100 NT >100 >100 NT indicate potent antifungal activity of the new non-acetylenic
gﬁiﬁ gf §¥ ié (1,:2 g 35 1,2-dithiin compounds against a broad spectrum of medi-
cally important fungi.
NI - NOTIESTED Results from the dermal irritation test (see Table 2)
howed that by day 5, acetylene-containing thiarubrine A
5.2 DERMAL TOXICOLOGY TEST siowed Lhal by day o, acetylenc-containing thiarubrine
40 eclicited pronounced toxicity, with an average score of 9 for
lmarubrine A and a new 1,2-dithiin compound 3,6- the treated ear and a normal reading of 4 for the control ear
bis(hydroxymethyl)-1,2-dithiin were tested for the ability to for the five animals. In contrast, the mice treated with the
elicit dermal uqtat1on in ICR mice. Anmmals 1n groups of 1,2-dithiin lacking acetylene side chains (3,6-bis(hydroxym-
five each were lightly anesthetized, then the test substance, oy es p . e .
. : . T ethyl)- 1,2-dithiin) exhibited no signs of dermal irritation or
previously dissolved in aquaphor, was applied in the amount 45 _
of 10 mg topically to the dorsal aspect of the right ear. erythema over the five-day period.
Aquaphor without test substance was applied to the left ear Results from the systemic toxicological study showed
as a control. Animals were inspected daily for five days for thiarubrine A to be highly toxic, with an LD., dose of
signs of dermal irritation and erythema, which was scored 1 6ximately 0.6 mg/kg (1.8 mg/kg for total dose), whereas
subjectively on a scale from 1 to 15, with 15 indicating sq Al i . 3 6-bis(hvdr hvD)- 1.2-dithiin by th
severe toxicity. mice given 3,0-bis(hydroxymethyl)- 1,2-dithiin by the
same route survived a daily dose of 30 mg/kg (150 mg/kg
5.3 SYSTEMIC TOXICOLOGY TEST total) and had no apparent loss in weight in comparison to
Thiarubrine A and the novel 3,6-bis(hydroxymethyl)- controls. o o
1,2-dithiin have also been evaluated for their systemic 55  Overall, the results indicate that the 1,2-dithiin class of
toxicity potential. ICR mice, in groups of five or six each compounds has a potent antifungal profile without the
were 1njected with solutions of the test compound given adverse toxicological properties of the acetylene-containing
Intraperitoneally for three consecutive days for thiarubrine A thiarubrines. This substantiates that the acetylene moieties
and five consecutive days for the 1,2-dithiin. Animals were «o found within the thiarubrine class are responsible for much

weighed daily and observed for mortalities over a 14 day
period. An LDs, of 0.6 mg/kg for thiarubrine A was deter-
mined. 3,6-Bis(hydroxymethyl)-1,2-dithiin given by the
same route at doses up to 30 mg/kg was non-toxic, with no
apparent weight loss when compared to controls.

of the observed thiarubrines toxicity. Also, the acetylenic
moieties are only partly responsible for the antiinfective
propertics with the 1,2-dithiin ring being the important
pharmacophore for antiinfective activity.
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TABLE 2

%

Average Schores for Dermal irritation Test

Day 2

— T s

Day 2

Group Contro] Treated Control  Treated Control

Day 3

Treated

Day 4 Day 5

Control Treated Control Treated

Thia A 4 4 4 G 4
Dithiin A 4 4 4 4 4

,
4

4 9 4 9
4 4 4 4

EXAMPLE 1

Benzylthiol Addition to
1,6-Dihydroxy-2,4-hexadiyne

HO—CH;—C == C—C == C—CH,0H + ¢-CH,SH

A 100 ml round-bottomed flask was charged with 40 mL
of DMF, 1 mL of water, and 300 mg of KOH pellets. To this
mixture was added 2.59 mL of benzylthiol (22 mmol, 2.2
equiv). After stirring at rt for 20 min, 1.10 g of 1,6-
dihydroxy-2,4-hexadiyne (I) (10 mmol) was added to the
solution, which became hot (the flask was cooled in the
water bath) and immediately turned deep red. The reaction
mixture was then stirred at 1t for 3 h and was then poured
into 150 mL of water. The resulting mixture was extracted
with EtOAc (1x200 ml., 1x100 mL) and then the combined
EtOAc layers were washed successively with water (2
times) and brine and were dried (MgSO,). Evaporation of
the solvent under reduced pressure provided a slightly
yellow solid residue, which upon recrystallization from
hexanes/CHCI3/EtOAc gave 2.34 g (65%) of pale yellow
bis-benzylthiol adduct 11: mp 121.5°-123° C.: Rf 0.36
(EtOAc/hexanes 1:1); '"H NMR (300 MHz, CDCl;) 01.65
(t,2H, J=6.3 Hz), 3.90 (s, 4H), 4.15 (d, 4H, J=6.3 Hz), 6.81
(s, 2H), 7.22-7.29 (m, 10H): "°C NMR (75 MHz, CDCL,)
037.70 (1), 66.42 (t), 127.19 (d), 128.58 (d), 128.86 (d),
129.08 (d), 137.95 (s), 138.24 (s); IR (KBr) 3422, 3388,
3061, 2925, 1548 cm™.

Anal. Calcd for C,H,,0,S,4H20: C, 65.36; H, 6.31.
Found C, 65.73; H, 6.23

EXAMPLE 2

3,6-Bis(hydroxymethyl)-1,2-dithiin (Dithiin A)
S S

g 7
¢

¢

1} Li/NHj

2)KI I, %

HO \_m OH

S—3S

15

20

23

30

35

40

45

50

35

60

65

A 25 mL, three-necked, round-bottomed fiask equipped
with a reflux condenser and two rubber septa was charged
with about 10 mL of liquid ammonia at —78° C. To this
liquid ammonia were added at that temperature, first 42 mg
(4 equiv) of lithium and then 538 mg of diol (II) in 4 mL of
dry THE. Soon after the completion of the additions of the
diol solution, the blue color of the solution disappeared and
the mixture became a white suspension. An additional
amount of lithium was added in order to maintain the blue
color of the mixture. The resulting mixture was stirred for I
h at —78° C., at which time several drops of MEOH was
added until the blue color disappeared. The reaction mixture
was allowed to gradually warm up to rt, during which time
the ammonia was removed by evaporation to afford a yellow
solution. The remaining ammonia was removed by rotary
cvaporation. The resulting residue was treated, while stir-
ring, with 6 mL of water and 10 mL of ether and the resulting
mixture was cooled to 0° C. and was treated with 761 mg of
10dine (3.00 mmol, 2.9 equiv) dissolved in 15 mL of 20%
aqueous KI. The mixture was then allowed to warm up to rt
and the deep-red ether and the orange aqueous layers were
separated. The aqueous layer was extracted with ether (2x20
mL) and the combined ether layers were washed succes-
sively with 0.1M aqueous Na,SO, (15 mL), water (20 mL),
and brine (20 mL) and were finally dried (Na,SO,).
Removal of the solvent by rotary evaporation followed by
purification by silica gel flash column chromatography with
EtOAc/hexanes (1:1) as the eluent afforded 125 mg of
3,0-bis(hydroxymethyl)-1,2-dithiin (47%) as a red solid: mp
64°-66° C. (chloroform/hexanes); Rf 0.14 (EtOAc/hexanes
1:1); "H NMR (360 MHz, -CDCl,) 81.77 (t, 2H, J=6.2 Hz),
4.29 (d, 4H, J=6.2 Hz), 6.40 (s)IH); 13C NMR (90 MHz,
CDCl;) 064.63 (), 125.17 (d), 134.96 (s). Anal. Calcd for
CsHgO,S,: C, 40.89; H, 4.58. Found: 0, 41.06; H, 4.71

EXAMPLE 3

3,6-Bis(acetyloxymethyl)-1,2-dithiin (Dithiin B)

T M

Dithiin A
S _ g 0~ T~ CHs

Dithiin B

To a stirred solution of 3,6-bis(hydroxymethyl)-1,2-
dithiin, Dithiin A (600 mg, 3.40 mmol) in pyridine (15 mL)
was added dropwise acetic anhydride (2.0 mL, 1000 mol %).
After stirring overnight in the dark the mixture was diluted
with diethyl ether (200 mL) and partition between diethyl
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ether (50 mL) and 3.0M H,PO, (200 mL). The diethyl ether
layer was washed with 3.0M H,PO, (200 mL), saturated
NaHCO,; (200 mlL), dried (Na,SO,), and the solvent was
removed by rotary evaporation. The resulting oily residue
was purified by silica gel flash column chromatography 5
using 1:3/diethyl ether:hexane as eluants to give 40 mg
Dithiin B as a red oil (870 mg): '"H NMR (CDCl,) 86.38 (s,
2H), 4.70 (s, 4H), 2.10 (s, 6H); 13C NMR 6 170.37, 130.48,
127.75, 65.19, 20.77.

10
EXAMPLE 4

3,6-Bis(benzoyloxymethyl)-1,2-dithiin, (Dithiin F)

15
HOCH, ﬂ CH,0H —>

S — S
Dithiin A
/\ 20
Ao
- 0 X 25
Dithiin F ‘ =

To a stirred solution of 3,6-bisthydroxymethyl)- 1,2- 30
dithiin, Dithiin A (20 mg, 0.1 13 mmol) in pyridine (1.0 mL)
was added in one portion benzoyl chloride (0.13 mL). After
stirring in the dark at room temperature overnight the
mixture was diluted with diethyl ether (10 mL) and parti-
tioned between 3.0M H,PO, (20 mL) and diethyl ether (5.0 35
mlL). The diethyl ether layer was washed with saturated
NaHCO, (20 mL), dried (Na,SO,), and the solvent was
removed by rotary evaporation. The resulting oily residue
was purified by silica gel flash column chromatography
using 1:3/diethyl ether:hexane as eluants to give a red oil 49
(40.1 mg): 'H NMR (CDCl,) 6 8.07 (d, 4H), 7.59 (t, 2H),
7.46 (t, 4H), 6.50 (s, 2H), 4.98 (s, 4H); '°C NMR 8165.91,
133.37, 130.63, 129.78, 128.55, 128.49, 127.70, 65.65.

EXAMPLE 5 45

3,6-Bis (propionyloxymethyl)-1,2-dithiin, (Dithiin
G)

| 50
HOCH, ‘ﬂ— CH,0H —>

A M

Dithiin G

Dithiin A

To a stirred solution of 3,6-bis(thydroxymethyl)- 1,2-
dithiin, Dithiin A (20 mg, 0.113 mmol) and triethylamine
(0.30 mL) in tetrahydrofuran (2.0 mL) was added dropwise
propionyl chloride until the entire mixture turned solid. To 65
this solidified mixture was added 1.0M H,PO, (20 mL) and
the target compound was extracted with diethyl ether (2x20

10

mL.). The combined ether extracts were washed with satu-
rated NaHCO; (100 mL), dried (Na,SO,), and evaporated to
give a red oil (22.2 mg): '"H NMR (CDCl,) 86.38 (s, 2H),
4,72 (s, 4H), 2.39 (q, 4H), 1.16 (t, 6H).

EXAMPLE 6

3,6-Bis(isobutyryloxymethyl)-1,2-Dithiin, (Dithiin

H)
HOCH; ﬂ— CH;0OH %
S — S |
Dithiin A
AVASy
Dithun H )\r

To a stirred solution of isobutyric anhydride (0.2 mL,
1,000 mol %) in pyridine (2.0 mL) was added in one portion
solid 3,6-bis(hydroxymethyl)-1,2-dithiin, Dithiin A (20 mg,
0.113 mmol). After stirring in the dark at room temperature
overnight the mixture was diluted with diethyl ether (20 mL)
and partitioned between 3.0M H,PO, (80 mL) and diethyl
ether (30 mL). The diethyl ether layer was washed with
saturated NaHCO; (100 mL), dried (Na,SO,), and evapo-
rated to give the product as a red oil (32 mg): 1H NMR
(CDCl,) 06.37 (s, 2H), 4.71 (s, 4H), 2.60 (m, 2H), 1.19 (d,
6H).

EXAMPLE 7

3,6-Bis(cyclopropanecarbonyloxymethyl)-1,2-dithiin
(Dithiin I)

HOCH, ﬂ CH,0H ——>

Dithiin A

R SS T

Dithiin 1

To a stirred solution of triethylamine (0.30 mL) in tet-
rahydrofuran (2.0 mL) at 0° C. was added dropwise cyclo-
propanecarbonyl chloride (0.10 mL) followed by the addi-
tion of 3,6-bis(hydroxymethyl)-1,2-dithiin, Dithiin A (20
mg, 0.113 mmol) in tetrahydrofuran (1.0 mL). After stirring
in the dark at room temperature overnight the mixture was
diluted with ether (20 mlL) and partitioned between 1.0M
H,PO, (80 mL) and diethyl ether (30 ml.). The diethyl ether
layer was washed with saturated NaHCO, (100 mL), dried
(Na,S0O,), and evaporated to give a red 011 (31.5 mg): 'H
NMR (CDCl,) 06.38 (s, 2H), 4.71 (s, 4H), 1.67 (m, 2H),
1.04 (m, 4H), 0.92 (m, 4H).
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EXAMPLE 8

3,6-Bis[methoxymethyloxy)methyl]-1,2-diothiin
(Dithiin D)

HOCH; ﬂ CH,0H —>
S—S§
CH,OCH,OCH, ﬂ CH,0CH,0CHj

S— 38

To a coolea (0° C.) Solution of 18.7 mg. of diol Dithiin
Aand 185 pL of N,N-diisopropylethylamine (10 mol. equiv)
in 2 mL of dry methylene chloride was added in one portion
48.4 pL. of methoxymethyl chloride (6.0 mol equiv). After
stirring at room temperature overnight, the solution was
diluted with methylene chloride (30 mL) and the resulting
1xture was washed first with water (20 mL) and then with
brine (20 mL). The organic layer was dried (MgSO,) and the
crude product obtained upon rotary evaporation of the
solvent was purified by silica gel flash column chromatog-
raphy with hexanes/CHCI/EtOAc (5:5:1) as the eluent,
providing 25.2 mg of methoxymethyl ether Dithiin D (90%
yield) as an orange red viscous liquid): Rf 0.45 (EtO/Ac/
hexanes 1:4) Na,SO,); '"H NMR (360 MHz, CDCl.) 83.40
(s,6H),4.22(s,4H),4.67(s,4H), 6.36(s,2H); >*C NMR (90
MHZ, CDCI’) 855.54(q), 68.83 (1), 95.76(t), 126.45(d),
132.34(s).
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EXAMPLE 9

3,6-Diformyl-1,2-dithiin (Dithiin E)

HOCH; ﬂ— CH,OH ——> OHC ﬂ CHO
S —8 S

S_

To a suspension of 19.4 mg of diol Dithiin A in 2 mL of
methylene chloride was added at room temperature in one
portion 102 mg of 1,1,1-triacetoxy-1,1-dihydro-1,2-benzio-
doxol-3(1H)-one (Dess-Martin’s reagent). After stirring at
that temperature for 40 min., the reaction mixture was
treated with 100 mg of Na,S,0; in 15 mL of saturated
aqueous NaHCOQ;. The resulting mixture was extracted with

methylene chloride (2x15 mL) and the combined organic
layers were washed with brine (20 mL) and dried (MgSO,,).

The crude product obtained upon rotary evaporation of the
solvent was purified by silica gel flash column chromatog-
raphy with EtOAc/hexanes 1:1 as the eluent, providing 18.5
mg (>98%) of dialdehyde Dithiin A as deep purple crystals:
mp 56°-58° C.,Rf 0.23 (EtOAc/hexanes 1:1); '"H NMR (360
MHz, CDCl,) 67.30 (s,2H),9.60 (s,2H); *°C NMR (90 MHz,
CDCI3) 0141.52(d),142.05(s), 186.54(d);IR (KBr) 3050,
2058, 2925, 2851, 1670 cm™'; UV (CHCl,) A 557 (e
2,250) and 281 nm (e 29,400). Anal. Calcd for C,H,S,0.:
C,41.84; H, 2.34. Found: C, 41.84: H, 2.49.

Genfiral Flow Sheet

SH

=

HOCH; — =

KOH/DMF
>

CH,OH + ‘

AN

CH; O
\ﬂ/ / \ Q < Acetic anhydride
0O )l\ - Pyridine
S—S O 3
SPMC-10006

08.2% yield

HOCH, ﬂ CH,OH
S S

X A
Il
1. | Li/NH3(lig.)
2. | K/

V
~— HOCH, ﬂ CH,0H

S— S
SPMC-10005
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ments are intended to be within the scope of this invention.
Indeed, various modifications of the invention in addition to
those shown and described herein will become apparent to
those skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of the
appended claims.

All reterences cited in the present application are incor-
porated by reference in their entirety.
What is claimed is:

1. A dithiin compound having the formula:

HOCH; ﬂ CH,OH.
S

S e

40

45

50

2. A dithiin compound having the formula:

T

S— S
Dithiin B

3. A dithiin compound having the formula:

S—S
Dithiin C

4. A dithiin compound having the formula:

55

60

65

S— 38
Dithiin D

3. A dithiin compound having the formula:

S — S
Dithiin E

6. A dithiin compound having the formula:

a

MR AT =Y

13 14
-continued
General Flow Sheet
/ I
0 O
N \1/ \ﬁ(/_\_\ 0 \_(/—\__\ 0
O )‘\ O [
| § — g 0 Tﬁ§% S _ s 0
Dithiin F ~F Dithiin H
Benzoyl chloride Isnbuty;ic 'ad?hydﬂde
Pyndine yHeme
-’ \S—\
g — g OH
Dithiin A
Propionyl chloride Cyclopropanecarbonyl chloride
TEA/THF TEA/THF
O O
/\"/ \_(/_\j 0 \’r \ m 0
0 0)‘\/ 0 \ )I\
S —§ S — S O
Dithiin G
Dithiin I
The invention described and claimed herein is not to be |
limited in scope by the specific embodiments herein dis- / \
closed, since these embodiments are intended as illustrations CH;0CH,0CH, CH,OCH,0CHs;,
of several aspects of the invention. Any equivalent embodi- 35

PN

Dithiin F

7. A dithiin compound having the formula:

~_

f/\TTQLm(fW\%_\Jj\Vf’.

S—S8
Dithiin G

8. A dithiin compound having the formula:
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9. A dithiin compound having the formula:

REATE S

Dithiin I

10. A dithiin compound having the formula;
A
S—S O

Dithiin J

11. A 3,6-disubstituted dithiin compound synthesized by
the process comprising the steps of:

reacting a 1,4-disubstituted diyne with the compound
benzylthiol in a basic solution comprising potassium
hydroxide and DMF to form a bis-benzylthiol adduct;

separating the bis-benzylthiol adduct from the basic solu-
tion by solvent extraction and crystallization;

reductively removing from the separated adduct the
unsubstituted benzyl groups with lithium in liquid
ammonia to form the bisthiol;

oxidizing the bisthiol with an oxidant comprising KI and
I, to form the dithiin compound,

with the proviso that the 1,4 disubstituted diyne is not 1,4
diaryl diyne.
12. A dithiin compound synthesized by the process of
acylating the 3,6-bis(hydroxy methyl)-1,2-dithiin.
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13. A method of treating a fungal infection comprising
administering an effective amount of a dithiin compound of
the formula:

Rs R

where

R, and R, are hydrogen,;

R; and R, are independently selected from the group
consisting of alkyl and alkenyl, wherein said alkyl and
alkenyl is optionally cyclic, and is optionally substi-
tuted with at least one functional moiety selected from
the group conmsisting of hydroxyl, halo, oxy, ether,
carbonyl, carboxyl, mercapto, carbalkoxy, cyano, nitro,
acyloxy, sulfamyl, amino, acylamino, carbamyl, aryl
and aralkyl, wherein the aryl and aralkyl groups are
independently unsubstituted or substituted with at least
one functional moiety selected from the group consist-
ing of hydroxyl, halo, ether, cyano, nitro, carboxy,
carbalkoxy and amino;

or a pharmaceutically acceptable salt thereof.

14. The method of claim 13, wherein said fungal infection
18 caused by Candida albicans, Cryptococcus neoformans or
Aspergillus fumigatus.

15. The method of claim 14 wherein the effectiveness of
the dithiin compound is determined by a microdilution broth
assay such that the MIC is less than 50 ug/ml.

16. The method of claim 13, wherein said dithiin com-
pound 1s selected from the group consisting of:
3,6-Bis(hydroxymethyl)-1,2-dithiin;
3,6-Bis(acetyloxymethyl)-1,2-dithiin;
3-Hydroxymethyl-6-methyl-1,2-dithiin;
3,6-Bis[methoxymethyloxy)methyl]-1,2-dithiin;
3,6-Diformyl-1,2-dithiin;
3,6-Bis(propionyloxymethyl)-1,2-dithiin;
3,6-Bis(isobutyryloxymethyl)-1,2-dithiin;
3,6-Bis(cyclopropanecarbonyloxymethyl)-1,2-dithiin; and
3-Hydroxymethyl-6-cyclopropanecarbonyloxymethyl-1,2-

dithiin.
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